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(57) Abstract 



Process for producing a plant product, which term is to be understood as covering ail types of products normally re- 
garded as vegetables including leaves, roots, bulbs, stems and immature and mature fructifications, the sweet fleshy fructi- 
fications of plants normally referred to as fruits and non edible plant material. The plant product is of intermediate mois- 
ture content which is microbioiogically stable at water activity levels within the range of 0.5 to 0.85 and is free of additives 
used to prevent microbial spoilage. The process resides in the steps of dehydrating a plant product to produce the moisture 
content to 10 to 50% and thereafter holding the product in an oxygen free or substantially oxygen free atmosphere. 
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INTERMEDIATE MOISTURE VEGETABLES 

The .present invention relates to a process of producing 
fruits and vegetables of intermediate moisture content, 
hereinafter referred to as a plant produ ct. The term 
vegetables as used herein denotes all types of produce normally 
regarded as vegetables including leaves, roots, bulbs, stems 
and immature and mature fructifications thereof/ The term also 
includes non-edible plant material. The term fruits refers to 
the sweet fleshy fructifications of plants normally referred to 
as fruits * 

Dehydrated vegetables have long been products of 
commerce. They may be produced by hot air drying, freeze 
drying, puff or explosion drying, osmotic drying or other 
methods. Irrespective of the method used for drying, the 
distribution- and use in commerce of dehydrated vegetables has 
been restricted to products which are usually hard and brittle 
having moisture levels between about 2% and 8% and with water 
activities usually below 0.5. If moisture levels or water 
activities rise above these levels, the products are regarded 
as unstable with relatively rapid and undesirable deterioration 
in colour, flavour and aroma. If the water activity rises 
above 0.6, the products are susceptible to microbial action. 

Vegetables at these low moisture contents suffer from the 
following disadvantages: 

1. They are slow to rehydrate; 

2. • They usually have, after recons titution , a disagreeable 
"dehydrated" or "hay like" flavour; 

3. They are excessively brittle, shatter easily, puncture 



WO 86/01686 



- 2 - 



PCT/AU85/00209 



packaging- materials as a result of sharp edges; and 
4. Their texture, after rehydration, still remains somewhat 
flaccid as a result of irreversible changes to cell structures 
which have occurred at low moisture contents during manufacture. 

In commercial practice vegetables can be dried in the 
initial stages of the process to a moisture content of 10 to 
15%. in a relatively short space of time. The final stages of 
drying whereby the moisture content is taken down to the 
mentioned levels of 2% to 8% is slow and costly,' and it is 
during these last stages of dehydration that most deteriorative 
changes occur . 

The time and quality problems associated with this final 
drying stage have been overcome to some extent by processes 
such as dehydrofreezing, where the product is first partially' 
dried, then frozen, and dehydrosalting where the product is 
partially dehydrated then stored in salt brine. However, 
disadvantages are the cost of freezing and of frozen storage on 
the one hand, and the presence of liquid brine and high 
concentrations of salt on the other hand. 

Australian Pat. No. 532,414 (Lewis and Lewis) describes a 
method whereby salt with or without other solutes is readily 
introduced into partially dehydrated vegetables, to produce 
intermediate moisture products of good stability with 
• relatively high water activity levels (0.45 - 0.85) and 
relatively high moisture contents (up to 25%). The production 
of these vegetables involves a two stage dehydration process 
separated by a short impregnation step. 

Experiments conducted by the applicants in relating to the 
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moisture content of vegetables during dehydration to the water 
activity, have revealed that as the moisture content of the 
vegetable is reduced, so the water activity drops from just 
below 1.0 for the fresh vegetable, to below 0.5 as the 
5 vegetable is reduced to 10% moisture or thereabouts. As the 

vegetables are reduced below this moisture content they become 
progressively harder and more brittle and rehydration time 
increases. 

It is well known that in order to protect foods from 

10 bacterial growth, the food should be at a water activity below 
0.85. However, moulds and yeasts have been observed to grow in 
an environment as low as 0.6 (see JA Troller, Food Technology 
1979 Jan. 72-75; Troller JA and Christian JHB "Water Activity 
of Foods" Academic Press 1981). It has therefore been usual 

15 practice to add to foods in the water activity range of 0.60 - 
0.85 artifical preservatives such as sorbic acid and sorbates 
or sulphites etc. to inhibit growth of yeasts and moulds. Food 
legislation in many countries recognises the possible danger of 
commercial distribution of processed foods above a water 

20 activity of 0.85 by requiring such foods to be held and 
distributed under refrigeration. 

The applicants have discovered that in the range of water 
activities between 0.5 and 0.85, the partially dehydrated 
vegetables in general have excellent colour and are for the 

25 most part still pliable, rehydrate very rapidly and when 
rehydrated have excellent flavour, texture and aroma. 

While most vegetables partially dehydrated to water 
activities of 0.5 to 0.85 will slowly deteriorate in flavour 



WO 86/01686 



- 4 - 



PCT/AU85/OO209 



and colour, and may be subject to microbiological spoilage if 
not treated with preservatives, applicants have found, 
surprisingly, that fruits and vegetables in this water activity 
range which have been studied, if packed in an oxygen free 
atmosphere keep in excellent condition for substantial periods, 
in some cases over two years at ambient temperature. 

Commercially dried fruits which are commonly available 
tend to be tough and leathery in texture, dark and unattractive 
in colour, and have a typical carramelized flavour, which 
lacks the fresh-fruit aroma. The high level of sulphur 
dioxide, usually between 2,000 and 3,000 ppm, normally found in 
dried fruits is often distasteful. 

The applicants have found that a wide variety of fruit 
products including apples, peaches, pears, plums, bananas, 
papayas and pineapples, can be prepared with excellent flavour 
and aroma by treating the fruit products in the manner herein 
set forth for vegetables. 

however in certain cases it is desirable to treat prepared 
fruit pieces with sodium sulphite solution, and dry to water 
activities between 0.70 and 0,85 and a sulphur dioxide content 
of between 200 and 1,000 ppm, to provide moisture contents in 
the range of between 20% to 45%, Such fruits when packaged in- 
an oxygen free atmosphere maintain their colour and aroma to a 
remarkable degree, and have a tenderness and acceptability 
quite different from conventional dried fruits. The addition 
of sulphur dioxide is used to maintain the colour of the fruit 
and is used at much lower levels than normally used in dried 
fruits. 
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Plant products can be prepared at higher water activities 
than 0.85, packed in an oxygen free atmoshere, and held 
refrigerated for substantial lengths of time without spoilage 
and with excellent retention of quality. While such products 

5 require refrigeration for storage, they have the advantage of 
providing a long shelf-life product which is light in weight 
for transport, is not bulky, does not bruise or break, is of 
high quality and reconstitutes rapidly. 

The invention according to one aspect provides a process 

10 for producing a plant product of intermediate moisture content 
which is microbiologically stable at water activities within 
the range of 0.5 to 0.85 and is free from agents used to 
prevent microbial spoilage (preservatives) which comprises the 
steps of partially dehydrating fruit or vegetables until the 

15 moisture content is reduced to 10% to 45% and there after 
holding the resultant product in an oxygen free or 
substantially oxygen free atmosphere. Preferably the product 
is packed in a container of low oxygen permeability, all or 
substantially all of the free oxygen gas is removed therefrom 

20 and optionally replaced with an oxygen-free inert gas or 
alternatively said product is stored under vacuum. 

The so called gas packaging of foods is not in itself 
novel. For the most part, however, the use of inert gas or 
vacuum has been used to prevent the development of rancidity in 

25 such products as milk powder, coffee, nuts, etc. Gas packaging 
has also been used for conventional fully dried vegetables such 
as carrots in an attempt to lessen the "hay like" odour that 
develops in some of these products. Gas packaging has also 
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been used with fresh fruits and vegetables to prolong the 
shelf-life under refrigeration, but the use in these 
circumstances is for the main purpose of controlling 
respiration of the plant tissue. 

Work is reported in the literature (Advances in Food 
Research, Vol I, pp 342 - 346, 1948, Academic Press, N.Y. USA) 
on the effect of oxygen on the deterioration of dried fruit. 
These studies , 'however , refer to the darkening of such fruits 
at conventional moisture levels. The effect of oxygen on the 
microbiological stability and the quality of fruits at higher 
than normal moisture contents is not reported or contemplated. 
The oxygen free packaging enables the manufacture of 
intermediate moisture products with moisture contents of 10 - 
45%, and with water activity levels between 0.5 to 0.85, with 
good shelf-life at ambient temperatures and excellent retention 
of colour and quality. By additionally using refrigerated 
storage, useful shelf-life can be obtained for a plant product 
held in oxygen free or substantially oxygen free atmosphere at 
water activity levels above 0.85. 

In one form of the invention the oxygen gas is evacuated 
from a package of the plant product with the aid of pumps and 
in another form of the invention the oxygen gas is removed from 
the package with the aid of oxygen absorbers placed within the 
package. 

The invention according to another aspect comprises a 
plant product of intermediate moisture content which is 
bacteriologically stable at water activities within the range 
of 0.5 to 0.85 and which is free from artificial preservatives 
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said plant product being held in an atmosphere which is oxygen 
free or substantially oxygen free. 

The more completely the oxygen is removed, in most cases, 
the better the keeping quality of the product. 

For storage, the product should be packed in oxygen 
impermeable containers such as cans or glass jars, or in 
flexible packaging materials with low oxygen permeability such 
as aluminium foil laminates or clear laminates made with 
polyvinylidene chloride or similar materials- 

In packaging, the oxygen should be removed from the 
container and replaced with an oxygen free inert gas such as 
nitrogen or a mixture of such gases, and/or oxygen absorbers 
such as finely powdered iron in suitably prepared pouches 
should be included in the packages. 

■ High speed equipment for inert gas packaging, is commonly 
available as is equipment for vacuum packaging. Likewise, the 
operation of inserting oxygen absorbing pouches can be 
mechanised. Other oxygen absorbing systems are described in 
the technical liturature (Lewis, Rambottom and Craine US Patent 
No. 3,419,400; Buckner , N. German Patent No. 81.48,240) and 
these may be used depending on their cost and efficiency. 

With many vegetables, such as carrots, red peppers and 
sweet potatoes, prepared in this water activity range, no 
additives are necessary and excellent colour retention is 
obtained. With other vegetables, such as potatoes and onions 
and with fruits, it may be necessary to add modest quantities 
of sulphite or sulfur dioxide. before packaging to minimise 
discoloration during storage. However the sulfur dioxide is to 
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prevent discolouration, and need not be used in quantities 
commonly -used to inhibit the growth of yeasts and moulds. 
According to one form of the invention the fruits or 
vegetables are trimmed and cut as required to be suitable for 

5 dehydration. They are then dehydrated in any conventional 

manner, with or without prior blanching in steam, water or by 
other means, to a stage where the water activity lies between 
0.5 and 0,85 for vegetables or 0.70 - 0.85 for fruits. They 
may optionally be treated before, during or after dehydration 

10 with sufficient levels, of sulfur dioxide or sulfites and/or 
other additives to inhibit discolouration during storage. 
Either before, during or after dehydration the fruit or 
vegetables may be flavoured or seasoned or treated with 
vitamins, minerals, colouring substances etc. as may be 

15 required. * Finally, they are packaged and maintained in an 

atmosphere which is free or substantially free from oxygen. An 
oxygen free atmosphere can additionally or alternately be 
maintained in the package by the absorption of oxygen within 
the package by the use of oxygen absorbers of different types 

20 such as iron powders, glucose^glucose oxidase systems etc. 

The invention will now be described in further detail with 
reference to the following non limiting examples. 
Example I - Sweet Potatoes 

Orange fleshed sweet potatoes were peeled, and cut into 

25 slices 3mm thick. These were blanced in steam of 2 mins , then 
washed with a water spray and placed on trays in a dehydrator. 

The sweet potatoes were dried to moisture contents of 
18.3%, 14.8% and 10.7% at which moisture contents the water 
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activities were 0.82, 0.77 and 0.61 respectively. 

All -samples were packaged in laminated bags of aluminium 
foil and polythene, and were sealed in an atmosphere of 
nitrogen (after evacuation). Samples at each moisture content 
were stored at 40°c and at ambient temperature (about 
220C). The samples at 40°C were still in excellent 
condition in regard to flavour and colour, after four months 
storage. At ambient temperature, the sweet potatoes were in 
excellent condition after thirteen months storage. Based on 
the storage stability at 40oc, it was estimated that the 
product would have a shelf-life of about two years at ambient 
temperatures . 
Example II - Potatoes 

Potatoes were peeled and cut into strips 3mm x 3mm. These 
strips were blanced in boiling water for three minutes, washed 
to remove surface starch, and placed in the dehydratcr. When 
the moisture content was about 40%, the potato shreds were 
removed from the dehydrator and tumbled with a solution of 
sodium sulphite, such that the final sulphur dioxide content of 
the dried potatoes was about 250 ppm. The potatoes were 
returned to the dehydrator and were dried to a moisture content, 
of 15.6%. The water activity of the potatoes at this moisture 
content was 0.85. The shreds were a good pale colour, and were 
not brittle. The were packed in nitrogen in foil pouches and 
stored at ambient temperatures. 

Samples were opened monthly. After five months the 
products were excellent but after six months, the shreds had 
developed a slight off-colour, but had good aroma and 'flavour. 
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Exa mple III - C arrot s 

Carrots were peeled and shredded into strips of 3mm x 3mm 
section. These were blanched in steam for four minutes and 
dried in a through-bed dryer at 70°C. Samples were removed 
5 at moisture contents of 29.7%, 13-6% and 10.0%. The water 

activities of these samples were 0.82, 0.65 and 0.50 
respectively. 

When added to boiling water, the samples cooked in 3 to 5 
minutes, and all were of excellent flavour and texture when 
10 cooked. 

The samples were packaged in clear, laminated film made 
from layers of polyvinyl idene chloride, nylon and polyethylene, 
and sealed after the addition of a small sachet of oxygen 
absorber. ("Ageless 11 , manufactured by Mitsubishi Gas and 

15 Chemical Co., Tokyo, Japan.) 

After thirteen months storage at ambient temperature, all 
three samples had retained excellent aroma, flavour and colour. 
Example^ IV - Red Peppers 

Red bell peppers were cored and cut into dice of 

20 approximately 7mm. They were dried at 70O i n a forced air 

through bed dehydrator. to a moisture content of 20%. At this 
moisture content they had a water activity of 0.67. The pepper 
dice had a bright red colour, had a pliable texture, and when 
cooked resembled fresh cooked peppers in colour, texture and 

25 flavour. The dried dice- were package'd in low oxygen 

transmission laminated film together with oxygen absorber 
pouches o 

The peppers retained their bright colour for about 8 weeks 
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when stored at 40OC, and were still excellent in colour and 
flavour after thirteen months storage at ambient temperatures. 
Example V - Pea ches 

Peaches of th Golden Queen variety were peeled and pitted 
and cut into wedges, approximately 1cm in depth at the thickest 
point. They were dipped for 5 mins in 1% sodium sulphite 
solution and dried at 70 - 80oc in a through bed dehydrator 
until the moisture content was 23.4%. The water activity of 
the peaches at this moisture content was 0.83, The 
sulphur dioxide content was 640 ppm. 

The dried peach pieces were packed in low oxygen 
transmission film with oxygen absorbers. After 2 months 
storage at 4QOC, they showed no signs of spoilage, and were 
still a bright golden orange in colour. Fruit kept at ambient 
temperature had excellent texture, flavour, aroma and colour 
after 8 months. . 
Example _ VI - ^££lss 

Apples of the Jonathon variety were peeled, cored and cut 
into wedges each one twelfth of the fruit. The wedges were 
dipped for 5 mins in a 0.1% sodium sulphite solution, drained 
and dehydrated at 7QQC until they were reduced to a moisture 
content of 42.7% and a water activity of 0.9 3. The sulphur 
dioxide content was 485 ppm. 

The apple pieces were packed in low oxygen transmission 
film together with an oxygen absorber and stored refrigerated 
at below 5°C. 

After seven months storage, the apples showed no signs of 
deterioration, and had excellent colour, flavour and aroma. 
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Example VII - Apples 

Apples of the Granny Smith variety were peeled, cored and 
cut into slices 3mm in thickness . After slicing, the apples 
were dipped in a 1% solution of sodium sulphite for one minute, 
5 and then drained . The apple slices were dried in a through bed 

dehydrator at 70°C. The sliced apples were dried to a 
moisture content of 37.7%, at which they had a water activity 
of 0.79. The sulphur dioxide content was 410 ppm. 

The slices were packed in nitrogen in foil pouches and 
10 kept at ambient temperature. After ten months, the fruit was 
still white in colour and had a fresh aroma and flavour. 
E xampl e VIII - P ear s 

Pears of the Packham variety were peeled, cored and cut 
into wedges, each representing about one eighth of the whole 
15 % fruit. The fruit pieces were dipped for ,1 min in a 1% solution 
of sodium sulphite, were drained, and dried in a through bed 
dehydrator at 7QQc to a moisture content of 43.4% and a water 
activity of 0.82. The final sulphur dioxide content was 960 
ppm. 

20 The pears had a pale colour and a fresh flavour and aroma. 

The pear segments were packaged in low oxygen transmission 
film with proprietary oxygen absorbers. The dried fruit showed 
no apparent spoilage or deterioration in colour or flavour 
after 10 months storage at ambient temperatures. 
25 In some cases eg. grapes, the use of sulphur dioxide is 

not necessary. 
Example IX - Grapes 

Grapes of the Thompson Seedless variety were dipped in 
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2.5% potasium carbonate solution to render the skin more 
permeable, and dried at 7QOc to a water activity of 0.85. 
The moisture content was 35.5%. The grapes were packed in 
nitrogen in a foil laminate pouch. After four months storage 
5 at room temperature, the grapes were in excellent condition . 
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1. A process for producing a plant product of intermediate 
moisture content which is microbiologically stable at water 
activity levels within the range' of 0.5 to 0.85 and is free 
from aditives used to prevent microbial spoilage which 
comprises the steps of dehydrating a vegetable or fruit to 
reduce the moisture content thereof to 10% to 50% and 
thereafter holding the resultant plant product in an oxygen 
free or substantially oxygen free atmosphere. 

2. A process as claimed in claim 1 in which the fruit or 
vegetable is treated either before, during or after dehydration 
with one or more additives selected from the group consisting 
of discolouration inhibiting agents, flavouring agents, 
seasoning agents, minerals, vitamins and colouring agents. 

3. A process as claimed in claim 1 wherein said plant product 
is packed in a container and the oxygen in the container' is 
removed with the aid of pumps. 

4. A process as claimed in claim 1 wherein the oxygen in said 
container is removed by oxygen absorbers placed within the 
container . 

5. A process as claimed in claim 3 or 4 wherein said oxygen 
is replaced with an inert gas. 

6. A process as claimed in claim 5 wherein said inert gas is 
nitrogen. 

7. A process as claimed in claim 1 wherein said plant product 
is blanched prior to said dehydration step. 

8. A process of producing a fruit product of intermediate 
moisture content which is microbiologically stable at water 
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activity levels of 0.70 to 0,85 and which is free from 
additives used to prevent microbial spoilage which comprises 
the steps of treating said fruit with a sulphite solution to 
give said fruit a sulphur dioxide content of between 200 to 

I, 000 ppm, dehydrating said fruit to reduce the moisture 
content thereof to 10 to 45% and thereafter holding the 
resultant food product in an oxygen free or substantially 
oxygen free atmosphere, 

9. A process as claimed in claim 8 in which the fruit is 
treated either before, during or after dehydration with a 
member selected from the group consisting of discolouration 
inhibiting agents, flavouring agents, seasoning agents, 
minerals, vitamins and colouring agents. 

10- A process as claimed in claim 8 wherein said fruit is 
packed in a container and the oxygen in - the container is 
removed with the aid of pumps. 

II. A process as claimed in claim 8 wherein the oxygen in said 
container is removed by oxygen absorbers placed within the 
container . 

12. A process as claimed in claim 8 wherein said oxygen is 
replaced with an inert gas. 

13. A process as claimed in claim 8 wherein said inert gas is 
nitrogen . 

14. A plant product which is microbiologically stable at water 
activity levels of 0.50 to 0.85 and which is free from agents 
used to prevent microbiological spoilage, said plant product 
having its moisture content reduced to 10 to 45% and being 
stored in an oxygen free or substantially oxygen free 
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atmosphere. 

15. A plant product produced by the process as claimed in any 
one of claims 1 to 13 hereof. 

16. A plant product substantially as hereinbefore described 
with reference to the accompanying examples. 
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AMENDED CLAIMS 
[received by the International Bureau on 19 February 1986 (19.02.86); 
original claim 8 amended; other claims unchanged (1 page)] 

activity levels of 0,70 to 0.95 and which is free from 
additives used to prevent microbial spoilage which comprises 
the steps of treating said fruit with a sulphite solution to 
give said fruit a sulphur dioxide content of between 100 to 

I, 000 ppm, dehydrating said fruit to reduce the moisture 
content thereof to 20 to 6.0%-and thereafter holding the 
resultant food product in an oxygen free or substantially 
oxygen free atmosphere, 

9. A process as claimed in claim 8 in which the fruit is 
treated either before, during or after dehydration with a 
member selected from the group consisting of discolouration 
inhibiting agents, flavouring agents, seasoning agents, 
minerals, vitamins and colouring agents, 

10. A process as claimed in claim 8 wherein said fruit is 
packed in a container and the oxygen in the container is 
removed with the aid of pumps. 

II. A process as claimed in claim 8 wherein the oxygen in said 
container is removed by oxygen absorbers placed within the* 
container . 

12. A process as claimed in claim 8 wherein said oxygen is 
replaced with an inert gas. 

13. A process as claimed in claim 8 wherein said inert gas is* 
nitrogen, 

14. A plant product which is microbiologically stable at water 
activity levels of 0.50 to 0.85 and which is free from agents 
used to prevent microbiological spoilage, said plant product 
having its moisture content reduced to 10 to 45% and being 
stored in an oxygen free or substantially oxygen free 
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